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MEMS based capacitive biosensor for real time detection of bacterial growth

Hye-Kyoung Seo, Dae-Ho Lim, Mi-Hwa Lim*, Jongbaeg Kim, Jeon-Soo Shin*', and Yong-Jun Kim'

Abstract

A biosensor based on the measurement of capacitance changes has been designed and fabricated for simple and real-
time detection of bacteria. Compared to an impedance measurement technique, the capacitance measurement can make
additional measurement circuits simpler, which improves a compatability for integration between the sensor and circuit.
The fabricated sensor was characterized by detecting Escherichia coli(E. coli). The capacitance changes measured by the
sensor were proportional to £. coli cell density, and the proposed sensor could detect 1x 10° cfu/ml E. coli at Jeast. The
real-time detection was verified by measuring the capacitance every 20 minutes. After 7hours of E. coli growth
experiment, the capacitance of the sensor in the micro volume well with 4.5 x 10° ¢fiyml of initial £. coli density increased
by 20 pF, and that in another wells with 1.5x 10° cfu/m}! and 8.5x 107 cfu/ml initial E. coli density increased by 56 pF
and 71 pF, respectively. The proposed sensor has a possibility of the real-time detection for bacterial growth, and can
detect E. coli cells with 1.8x 10° cfu in nutrient broth in 5 hours.
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Fig. 1. Schematic representation of the two major me-
chanisms responsible for the release of ionic
species: catabolism and ionic exchange across the
membrane.
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Fig. 2. Layout of designed interdigitated microelectrode.
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Fig. 3. Simplified fabrication sequence of the sensor.
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Fig. 4. Schematic of the proposed biosensor and the site number of four-well array in the proposed biosensor.
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Fig. 5. Experimental setup for real time detection of
bacterial growth.
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Fig. 6. The capacitance increase with the addition of
400 ul sample: fresh nutrient broth (A), E. coli cell
and fresh nutrient broth (B), E. coli cultured
nutrient broth (culture medium that contains
bacterial metabolites) (C).
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